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DILUTING FUEL-IN-OIL TREATING
APPARATUS OF INTERNAL COMBUSTION
ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 of Japanese Patent Application No. 2008-1035075, filed
on Apr. 14, 2008, the disclosure of which 1s expressly incor-
porated by reference herein 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to diluting fuel-in-o1l treating,
apparatuses of internal combustion engines and, more par-
ticularly, the present invention relates to a diluting fuel-1n-oil
treating apparatus of an internal combustion engine that can
separate the fuel from the lubricating o1l of the internal com-
bustion engine while suppressing degradation of the oil, and
that enables stable control of an air-fuel ratio at an air intake
side.

2. Description of Related Art

Known conventional diluting fuel-in-o1l treating appara-
tuses of internal combustion engines heat lubricating o1l and
separate the fuel from the lubricating o1l by vaporization 1n
order to suppress dilution of the lubricating o1l which 1is
caused by the mixed-in fuel (e.g., Related Arts 1 and 2).
Related Art 1 discloses such technology 1n which an o1l heater
1s provided on an o1l circuit of the internal combustion engine
tor heating the lubricating o1l flowing 1n the o1l circuit in order
to separate the fuel by vaporization. Related Art 2 also dis-
closes such technology in which a heater 1s provided at a
bottom portion of an o1l pan for heating the lubricating o1l in
the o1l pan 1n order to separate the fuel by vaporization.
|[Related Art 1] Japanese Laid-open Patent Publication No.

2004-190513
|[Related Art 2] Japanese Laid-open Patent Publication No.

2004-340036

In the technologies disclosed 1n Related Arts 1 and 2, the
tuel 1n the lubricating o1l 1s vaporized using a heater. Since
some fuels have a higher boiling point (e.g., 200° C. and the
like) depending on the component thereol, heating lubricat-
ing o1l up to approximately 130° C., which 1s the maximum
temperature at normal use conditions, leaves equal to or more
than 30% of the fuel component 1n the lubricating o1l
unvaporized. On the other hand, although heating lubricating,
o1l up to approximately 200° C. allows substantially all the
tuel i the lubricating o1l to vaporize, degradation of the o1l 1s
accelerated. In addition, since rapid vaporization of the tuel
causes a large amount of the fuel component to be reduced to
blow-by gas, stable control of an air-fuel ratio 1s difficult to
achieve at the air intake side. Particularly, the above-de-
scribed problem 1s conspicuous with the technology dis-
closed 1n Related Art 1 since the heater 1s used to heat a
relatively large amount of the lubricating o1l flowing 1n the o1l
path that connects the o1l pan to lubricated parts 1n the engine
or 1n a bypass path provided in the o1l path. In addition, the
above-described problem 1s extremely conspicuous with the
technology disclosed in Related Art 2 since all the o1l in the o1l
pan 1s heated.

SUMMARY OF THE INVENTION

The present mvention 1s provided to resolve the above-
described problems. A purpose of the present invention 1s to
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provide a diluting fuel-1n-o1l treating apparatus of an internal
combustion engine that can separate the fuel from the lubri-
cating o1l of the mternal combustion engine while suppress-
ing degradation of the oil, and that enables more stable con-
trol of an air-fuel ratio at the air intake side.

The present invention 1s described hereinafter.

1. A diluting fuel-in-o1l treating apparatus of an internal
combustion engine includes an o1l container configured to
contain lubricating o1l of the internal combustion engine; an
o1l path configured to connect the o1l container to lubricated
parts of the internal combustion engine; an o1l pump provided
in the o1l path and configured to supply the lubricating o1l
from the o1l container to the lubricated parts of the internal
combustion engine; a bypass path having a first end con-
nected to a downstream side of the o1l pump of the o1l path and
a second end connected to an upstream side of the o1l pump;
a fuel separator provided in the bypass path and configured to
separate fuel from the lubricating o1l flowing in the bypass
path; and an open/close valve provided in the bypass path and
coniigured to open and close the bypass path based on one of
a temperature of the lubricating o1l and a physical quantity of
the lubricating o1l having a correlation with the temperature.

2. According to the diluting fuel-in-o1l treating apparatus of
the mternal combustion engine described in 1 above, the fuel
separator 1s a cross-tlow filtration fuel separator having a
separation membrane configured to separate by permeation
the fuel from the lubricating o1l flowing 1n the bypass path.

3. According to the diluting fuel-1n-o1l treating apparatus of
the internal combustion engine described in 1 above, the
second end of the bypass path 1s connected to the o1l con-
tainer.

4. According to the diluting fuel-in-o1l treating apparatus of
the internal combustion engine described 1 2 above, the
cross-flow filtration fuel separator includes a separator main
body having a generally tubular shape and a separation mem-
ber having the separation membrane. The separation member
1s provided inside the separator main body and partitions the
interior of the separator main body 1nto a first region and a
second region. The separator main body includes an o1l inlet
configured to introduce lubricating o1l in the first region, an
o1l discharger configured to discharge the lubricating o1l from
the first region, and a fuel discharger configured to discharge
the fuel from the second region.

5. According to the diluting fuel-1n-o1l treating apparatus of
the internal combustion engine described 1n 4 above, the
separation member 1s generally tubular and has an axis
extending along a direction of an axis of the separator main
body.

6. According to the diluting fuel-1n-o1l treating apparatus of
the internal combustion engine described 1n 5 above, the o1l
inlet 1s configured to mtroduce the lubricating o1l 1n a direc-
tion tangential to the separator main body.

7. According to the diluting fuel-in-o1l treating apparatus of
the internal combustion engine described in 4 above, the
separation member includes the separation membrane having,
a tubular shape and a plurality of fuel-component permeable
fine pores and a support body configured to support the sepa-
ration membrane and including a plurality of fine pores. The
diameters of the plurality of fine pores of the support body are
larger than the plurality of fuel-component permeable fine
pores of the separation membrane.

According to the diluting fuel-in-o1l treating apparatus of
the internal combustion engine of the present invention, the
open/close valve opens the bypass path when the temperature
ol the lubricating o1l 1s low, so that a portion of the lubricating
o1l flowing 1n the o1l path by the action of the o1l pump flows
into the bypass path. Then, the fuel 1n the lubricating o1l 1s
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separated by the fuel separator. Meanwhile, the open/close
valve closes the bypass path when the temperature of the
lubricating o1l 1s high, so that all the lubricating o1l flowing 1n
the o1l path by the action of the o1l pump 1s supplied to the
lubricated parts in the internal combustion engine. As
described above, when the degree of fuel dilution of the
lubricating o1l 1s relatively high at a low temperature, the fuel
1s separated from a relatively small amount of the lubricating
o1l branching from the o1l path and flowing into the bypass
path. Thereby, the fuel can be separated while suppressing,
degradation of the oil. In addition, since reduction of a large
amount of the fuel component to blow-by gas 1s prevented,
more stable control of an air-fuel ratio 1s enabled at the air
intake side. Furthermore, when the degree of tuel dilution of
the lubricating o1l 1s relatively low at a high temperature, the
lubricating o1l tlows only 1n the o1l path and does not branch
into the bypass path. Thereby, an o1l pressure necessary for
facilitating the tlow of the lubricating o1l can be maintained.
When the fuel separator 1s a cross-tlow filtration separator
having a separation membrane separating the fuel from the
lubricating o1l by permeation, the lubricating o1l does not
have to be heated at a high temperature. Thereby, the fuel can
be separated while securely suppressing degradation of the
o1l. In addition, since the cross-flow filtration prevents accu-
mulation of foreign objects such as sludge 1n the lubricating
o1l on the surface of the separation membrane, the separation
elliciency of the separation membrane can be prevented from
deteriorating. When the bypass path has the second end side
thereol connected to the upstream side of the o1l pump of the
o1l path, at a low lubricating o1l temperature, the lubricating
o1l flowing 1n the bypass path at a certain speed after the tuel
1s separated therefrom 1s returned to the upstream side of the
o1l pump of the oil path. Thereby, friction in the internal
combustion engine can be reduced. When the bypass path has
the second end side thereof connected to the o1l container, at
a low lubricating o1l temperature, the lubricating oil 1s
returned to the oil container after the fuel was separated
therefrom and 1s mixed into a large amount of the lubricating
o1l 1n the o1l container from which the fuel has not yet been
separated. Thereby, lubricating o1l including arelatively large

amount of fuel component flows in the o1l path, thereby
improving the fuel separation efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s further described 1n the detailed
description which follows, 1n reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FI1G. 1 1s an overall circuit diagram schematically 1llustrat-
ing a diluting fuel-in-o1l treating apparatus according to an
embodiment;

FIG. 2 1s a longitudinal sectional view of a fuel separator
according to the embodiment;

FIG. 3 1s a cross-sectional view of the fuel separator taken
along a line III-11I 1n FIG. 2;

FIG. 4 15 a longitudinal sectional view of a fuel separator
according to an alternative embodiment;

FIG. 5 1s a cross-sectional view of the fuel separator taken
along a line V-V 1n FIG. 4;

FIG. 6 1s a longitudinal sectional view of a fuel separator
according to an alternative embodiment;

FIG. 7 1s a longitudinal sectional view of a ceramic filter
according to an alternative embodiment; and
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FIG. 8 1s a partial circuit diagram schematically 1llustrating
a diluting fuel-in-o1l treating apparatus according to an alter-
native embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present mnvention only and are presented in the cause of
providing what 1s believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt 1s
made to show structural details of the present mnvention in
more detail than 1s necessary for the fundamental understand-
ing of the present invention, the description 1s taken with the
drawings making apparent to those skilled 1in the art how the
forms of the present invention may be embodied in practice.

1. A Diluting Fuel-1n-O1l Treating Apparatus of an Internal
Combustion Engine

The present embodiment 1 provides a diluting fuel-1n-o1l
treating apparatus of an internal combustion engine including
an o1l container, an o1l path, an o1l pump, a bypass path, a fuel
separator, and an open/close valve.

As long as the “o1l container” contains lubricating o1l of the
internal combustion engine, the structure, the shape, the
maternial, and the like thereol are not particularly specified.
Examples of the o1l container includes an o1l pan that is
provided at the lower portion of the main body of the internal
combustion engine, an o1l tank that 1s provided separately
from the main body of the internal combustion engine, and the
like.

As long as the ““o1l path™ connects the oil container to
lubricated parts of the internal combustion engine, the struc-
ture, the 1nstallation manner, and the like thereof are not
particularly specified. Examples of the o1l path include any
combination of one or more of the following: a pipe, a path
provided 1n the main body or the mechamism unit of the
internal combustion engine, space, and the like. In addition,
examples of the lubricated parts 1n the internal combustion
engine include a bearing, a piston, a camshatit, a valve system,
and the like.

As long as the “o1] pump” 1s provided in the o1l path and
supplies the lubricating o1l from the o1l container to the lubri-
cated parts of the internal combustion engine, the structure,
the installation manner, and the like thereof are not particu-
larly specified. Examples of the o1l pump include a trochoid
pump, an internal gear pump, an external gear pump, an inner
gear pump, and the like. In addition, the o1l pump may be
operated, for example, by a driving force of the internal com-
bustion engine or by a drive source other than the internal
combustion engine.

As long as the “bypass path™ has a first end side (an inlet
end side) thereol connected to a downstream side of the o1l
pump of the o1l path and a second end side (an outlet end side)
thereol connected to an upstream side of the o1l pump, the
structure, the installation manner, and the like thereof are not
particularly specified. Examples of the bypass path include
any combination of one or more of the following: a pipe, a
path provided 1n the main body or the mechanism unit of the
internal combustion engine, space, and the like. Examples of
the connection configuration of the second end side of the
bypass path include: (1) a configuration 1n which the second
end side of the bypass path 1s connected to the upstream side
of the o1l pump of the o1l path (Refer to FIG. 1); (2) a con-
figuration 1n which the second end side of the bypass path 1s
connected to the o1l container (Refer to FIG. 8); and the like.




US 8,322,322 B2

S

As long as the “tuel separator” 1s provided in the bypass
path and separates the fuel from the lubricating o1l flowing in
the bypass path, the structure, the separation method, and the
like thereof are not particularly specified. This fuel separator
may be, for example, a heater or the like that heats the lubri-
cating o1l flowing 1n the bypass path 1n order to separate the
tuel by vaporization. It 1s preferable, however, that the fuel
separator 1s a cross-flow filtration separator having a separa-
tion membrane configured to separate by permeation, the fuel
from the lubricating o1l flowing in the bypass path. The
“cross-tlow filtration” means filtration in which a portion of a
flow passes through a filter medium.

The fuel separator may include, for example, a metal or
resin separator main body having a tubular shape and a sepa-
ration member having the separation membrane. The separa-
tion member 1s provided inside the separator main body and
partitions the interior of the separator main body 1nto a first
region and a second region. The separator main body includes
an o1l inlet mtroducing o1l 1n the first region, an o1l discharger
configured to discharge the o1l from the first region, and a fuel
discharger configured to discharge the fuel component from
the second region. This configuration allows the fuel separa-
tor to have a simplified and compact structure. With this fuel
separator, o1l 1s 1mtroduced from the oil inlet into the first
region of the separator main body, and a fuel component 1s
separated by permeation through the separation membrane
while the o1l flows 1n the first region. Then, the o1l 1s dis-
charged from the first region to the outside of the separator
main body through the o1l discharger. Meanwhile, the fuel
component separated from the o1l by permeation through the
separation membrane flows in the second region and 1s dis-
charged from the second region to the outside of the separator
main body through the fuel discharger.

In the above-described configuration, for example, the
separation member may have a tubular or columnar shape
having an axis provided along the direction of the axis of the
separator main body having a tubular shape. This configura-
tion allows the fuel separator to have a more simplified and
smaller-sized structure. In this case, examples of the partition
configuration into the first region, the second region, and the
like may include: (1) a configuration 1n which the first region
1s the 1nside region of the separation member, and the second
region 1s the outside region of the separation member (Refer
to FIG. 2); (2) a configuration 1n which the first region 1s the
outside region of the separation member, and the second
region 1s the mnside region of the separation member (Refer to
FIG. 4); and the like. The configuration (2) allows the first
region 1n which a relatively large amount of o1l flows to have
a large capacity.

In the configuration (1), for example, the fuel discharger
may be provided to discharge the fuel in the direction tangen-
tial to the separator main body. This configuration adds a
turning force to the fuel in the second region, and the turn
makes the pressure at the axis side smaller than that of the
centrifugal side 1n the second region. Consequently, the pres-
sure difference between the first region and the second region
can be increased, thereby enhancing permeability of the tuel
through the separation membrane.

In the configuration (2), for example, the o1l inlet may be
provided to introduce o1l in the direction tangential to the
separator main body. This configuration adds a turning force
to the fuel 1n the first region, and the turn causes foreign
objects such as metal powder having a large relative density in
the o1l to be deposited 1n the centrifugal direction of the
separator main body. Consequently, accumulation of foreign
objects on the surface of the separation membrane 1s further
prevented. In this case, it 1s preferable that the o1l discharger
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1s provided to discharge the o1l in the direction tangential to
the separator main body, so that the o1l in the first region 1s
provided with a stronger turning force. In the configuration
(2), for example, a collector may be provided at the inner
peripheral surface side of the separator main body, the col-
lector configured to collect foreign objects such as metal
powder having a large relative density in the oil. This con-
figuration prevents entry of foreign objects 1n the fuel after
separation.

The separation member may include, for example, the
separation membrane and a support body. The separation
membrane 1s provided with a large number of fuel-compo-
nent permeable fine pores and has a tubular shape. The sup-
port body 1s provided with a large number of fine pores having
larger diameters than those of the fine pores of the separation
membrane and supports the separation membrane. Examples
of configurations of the separation member 1nclude: (a) a
configuration 1in which the separation membrane having a
tubular shape 1s supported at the inner peripheral side of the
support body having a tubular shape (Reter to FIG. 3); (b) a
configuration in which the separation membrane having a
tubular shape 1s supported at the outer peripheral side of the
support body having a tubular shape (Refer to FIG. §); (¢) a
configuration in which the support body having a columnar
shape 1s provided with a plurality of through holes, 1n each of
which a separation membrane 1s supported (Reter to FIG. 7);
and the like. The shape, the material, the number of pieces,
and the like of the separation member, the support body, and
the separation membrane are selected properly according to
the flow rate and the like of the o1l to be separated. The
thickness of the separation membrane may be, for example,
1-1000 um (pretferably, 10-20 um). Examples of the material
of the separation member, the support body, and the separa-
tion membrane include ceramic, resin, rubber, and the like.

The fuel separator may further include, for example, a
heater heating the separation member (e.g., a heater or the like
provided on the surface side of or 1inside the separation mem-
ber). Thereby, separation of fuel component from o1l can be
turther accelerated.

As long as the “open/close valve™ 1s provided 1n the bypass
path and opens and closes the bypass path based on the
temperature of the lubricating o1l or the physical quantity that
has a correlation with the temperature, the structure, the open-
ing and closing manner, and the like thereof are not particu-
larly specified. Examples of the physical quantity include the
pressure, the viscosity, and the fuel dilution of the lubricating
o1l, the temperature of the cooling water that cools the Iubri-
cating oil, the temperature of the components of the internal
combustion engine, and the like. According to the present
embodiment, for example, the pressure of the lubricating o1l
flowing in the o1l path 1s approximately 400 kPa when the
temperature thereot 1s approximately 50° C., and the pressure
thereol 1s approximately 200 kPa when the temperature
thereof 1s approximately 130° C. In short, the pressure of the
lubricating o1l has a constant correlation with the temperature
thereof of the lubricating o1l. The open/close valve may be
provided, for example, on the downstream side of the fuel
separator of the bypass path. However, 1t 1s preferable that the
open/close valve 1s provided on the upstream side of the fuel
separator of the bypass path. The reason for this 1s to mini-
mize or substantially eliminate residual o1l in the bypass path
in 1ts closed state so that the necessary amount of lubricating
o1l 1s easily ensured. Examples of the open/close valve
include: (1) a valve body that 1s urged by an elastic body such
as a spring and the like to the position for closing the bypass
path and that 1s displaced to open the bypass path by the
pressure of the lubricating o1l flowing into the bypass path
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when the pressure of the lubricating o1l exceeds a predeter-
mined setting value (e.g., any numerical value from 375 to

425 kPa); (2) a thermostat that closes the bypass path when
the temperature of the lubricating o1l flowing 1nto the bypass
path exceeds a predetermined setting value (e.g., any numerti-
cal value from 40° C. to 60° C.) and opens the bypass path
when the temperature 1s equal to or lower than the predeter-
mined setting value; (3) a solenoid valve that 1s controlled to
open and close based on the detection result of a detection
sensor that detects the temperature of the lubricating o1l; and
(4) a solenoid valve that 1s controlled to open and close based
on the detection result of a detection sensor that detects the
physical quantity. In terms of simplified configuration, the
example (1) 1s preferable. In addition, 1n terms of control by
more accurate temperature, the examples (2) and (3) are pret-
erable.

In the present embodiment, as described above, when the
tuel separator 1s a cross-flow filtration separator, the diluting
tuel-n-o1l treating apparatus may further include a vapor-
liquid separator and a fuel collector. The vapor-liquid sepa-
rator separates the fuel separated by the fuel separator 1into a
gas component and a liquid component. The fuel collector
collects the gas component of the fuel separated by the vapor-
liquid separator. In this configuration, the fuel separated by
permeation by the fuel separator 1s separated by the vapor-
liquid separator 1nto the gas component and the liquid com-
ponent, and the gas component of the fuel after vapor-liquid
separation 1s temporarily collected by the tuel collector. Sub-
sequently, the gas component 1s returned to the air intake side
at a proper timing. Thereby, stable control of an air-fuel ratio
1s enabled at the air intake side. Examples of the vapor-liquid
separator include a centrifugal type, a chamber type, and the
like. Examples of the fuel collector include a canister having
an adsorbent such as granular activated carbon filled therein,
a canister configured with an adsorbent honeycomb structure
such as activated carbon, and the like. In the configuration
described above, the diluting fuel-in-o1l treating apparatus
may further include, for example, a tuel return path connect-
ing a liquid component discharger of the vapor-liquid sepa-
rator and a fuel tank of the internal combustion engine. This
configuration 1mproves the fuel economy since the liquid
component of the fuel after vapor-liquid separation by the
vapor-liquid separator 1s returned to the fuel tank via the fuel

return path.

EMBODIMENT

The embodiment of the present invention will be described
in detail with reference to the drawings. In the embodiment, a
direct fuel-1njection engine 1s mentioned as an example of an
“internal combustion engine” according to the present mven-
tion, the direct fuel-injection engine being provided with a
tuel 1njection valve 1 a combustion chamber thereof and
directly 1injecting fuel onto an inner peripheral surface of a
cylinder.

(1) A Configuration of a Diluting Fuel-in-Oil Treating
Apparatus

A diluting fuel-in-o1l treating apparatus 1 according to the
embodiment 1s provided midway through an o1l circuit 3 of an
engine 2 as shown FIG. 1. The engine 2 1s provided with an o1l
pan 5 (mentioned as an example of an “o1l container” accord-
ing to the present invention) at a lower portion of a main body
2a thereof 1n order to contain lubricating oi1l. The o1l pan 5 1s
provided with a known o1l strainer 6 therein. The o1l strainer
6 and the lubricated parts of the engine 2 (omitted in the
drawings) are connected via an o1l path 7 that configures the
o1l circuit 3. An o1l pump 8 1s provided midway through the o1l
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path 7 for pressure-feeding the lubricating o1l from the o1l pan
5 to each of the lubricated parts by the driving force of the
engine 2.

A bypass path 9 has a first end side 9a (an inlet end side)
thereol connected to a downstream side of the o1l pump 8 of
the o1l path 7. In addition, the bypass path 9 has a second end
side 96 (an outlet end side) thereof connected to an upstream
side of the o1l pump 8 of the o1l path 7. A fuel separator 10
(mentioned as an example of a “fuel separator” according to
the present invention) 1s provided midway through the bypass
path 9, the fuel separator 10 separating the fuel from the
lubricating o1l flowing 1n the bypass path 9.

As shown 1n FIG. 2, the fuel separator 10 1s provided with
a metal separator main body 11 having a tubular shape. The
separator main body 11 1s provided with ring members 124
and 1256 at both axial end sides thereot, the ring members 12qa
and 125 having a stepped opening. A ceramic filter 13 (men-
tioned as an example of a “separation member” according to
the present invention) having a cylindrical shape 1s supported
at both end sides thereot by each of the ring members 12q and
1256. The ceramic filter 13 1s provided inside the separator
main body 11 along an axis of the separator main body 11.
The ceramic filter 13 partitions the interior of the separator
main body 11 into a first region 15 that 1s an inner side of the
ceramic filter 13 and a second region 16 that 1s an external side
of the ceramic filter 13. An o1l inlet 17 that introduces lubri-
cating o1l from the outside 1nto the first region 135 1s config-
ured by the mner peripheral side of the ring members 12aq at
one side. An o1l discharger 18 that discharges lubricating o1l
from the first region 15 to the outside 1s configured by the
inner peripheral side of the ring member 125 at the other side.
A Tuel discharger 19 1s provided at an outer peripheral side of
the separator main body 11 to discharge a fuel component to
the outside, the fuel component flowing 1n the second region
16 after separation by permeation through the ceramic filter
13.

As shown 1 FIG. 3, the ceramic filter 13 1s two-layered.,
having a support body 13a and a separation membrane 135.
The support body 134 having a tubular shape 1s provided with
a large number of fine pores. The separation membrane 135
having a cylindrical shape 1s supported by an inner peripheral
surface of the support body 13a and 1s provided with a large
number of fuel-component permeable fine pores. The thick-
ness of the support body 13a 1s approximately 2 mm, and the
thickness of the separation membrane 135 1s approximately
10 um. The average pore diameter of the support body 13a 1s
approximately 10 um, and the average pore diameter of the
separation membrane 135 1s approximately 20 nm.

Fuel used 1n an engine, such as gasoline, has a molecular
structure having approximately 4 to 13 carbon atoms for each
molecule. O1l has a molecular structure having equal to or
more than 25 carbon atoms for each molecule. Due to such
difference 1n the molecular structures, the diameter of the fuel
molecule 1s smaller than that of the fine pores of the separa-
tion membrane 1354, and the diameter of the o1l molecule 1s
larger than that of the fine pores of the separation membrane
135. Thereby, the fuel mixed 1n the o1l can be separated by the
ceramic filter 13. In addition, since the pore diameter of the
support body 13a 1s extremely large when compared to that of
the separation membrane 135, the fuel that has passed
through the separation membrane 135 can pass through the
support body 13a with smaller resistance than that of passing
through the separation membrane 1354.

As shown 1n FIG. 1, a known open/close valve 20 1s pro-
vided on the upstream side of the fuel separator 10 of the
bypass path 9, the open/close valve 20 opening and closing
the bypass path 9 according to the pressure of the lubricating
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o1l (mentioned as an example of a “physical quantity having
a correlation with a temperature” according to the present
invention) flowing in the bypass path 9. The open/close valve
20 1s provided with a valve body (omitted 1n the drawing) that
1s urged by an elastic body such as a spring (omitted 1n the
drawing) to a position for closing the bypass path 9. The valve
body 1s displaced to open the bypass path 9 by the pressure of
the lubricating o1l flowing into the bypass path 9 when the
pressure of the lubricating o1l exceeds a predetermined set-
ting value (e.g., 400 kPa). A portion of the lubricating o1l
flowing 1n the o1l path 7 by the action of the o1l pump 8 flows
in the bypass path 9 that 1s opened by the open/close valve 20.

The fuel discharger 19 of the fuel separator 10 1s connected
to a known centrifugal vapor-liquid separator 23 via a path 22.
The vapor-liquid separator 23 1s provided with a main body
24 having a substantially cylindrical shape. The main body 24
1s provided on a wall of the upper side thereotf with a fuel inlet
25 to which an end side of the path 22 1s connected. The fuel
inlet 25 introduces the fuel that 1s discharged from the fuel
discharger 19 of the fuel separator 10 into the main body 24 1n
the tangential direction. The main body 24 1s provided with a
gas-component discharger 26 on a ceiling wall thereot, the
gas-component discharger 26 discharging to the outside, the
gas component of the fuel centrifugally separated 1n the main
body 24. The main body 24 1s provided with a liquud-compo-
nent discharger 27 at the lower portion thereot, the liquid-
component discharger 27 discharging a liquid component of
the tuel centrifugally separated 1n the main body 24.

The gas-component discharger 26 of the vapor-liquid sepa-
rator 23 1s connected to a canister 30 via a path 29, the canister
having a granular activated carbon filled therein. The gas
component centrifugally separated by the vapor-liquid sepa-
rator 23 1s adsorbed in the canister 30 via the path 29 and 1s
temporarily collected. The liquid-component discharger 27
of the vapor-liquid separator 23 1s connected to a fuel tank 33
via a fuel return path 32. The liqud component of the fuel
centrifugally separated by the vapor-liquid separator 23 1is
returned to the fuel tank 33 via the fuel return path 32.

The canister 30 1s connected to the downstream side of a
throttle valve 37 of an air intake pipe 36 via a path 35. A purge
solenoid valve 39 that 1s controlled by an engine control unit
38 (ECU) to open and close the path 35 1s provided midway
through the path 35. When the solenoid valve 39 opens the
path 35, air 1s introduced from a path 40. Thereby, the gas
component of the fuel temporarily collected 1n the canister 30
1s introduced 1nto the air intake pipe 36 and 1s burned. The fuel
tank 33 1s connected to the canister 30 via a path 43 midway
through which a known non-return valve 42 1s provided. The
gas component of the fuel produced 1n the fuel tank 33 is
adsorbed 1n the canister 30 via the path 43 and 1s temporarily
collected.

The engine control umt 38 controls the purge solenoid
valve 39, the 1ignition timing of an 1gnition plug, the amount of
the fuel imjected from a fuel injection valve, the 1jection
timing, and the like based on the input from various sensors.
The downstream side of the throttle valve 37 of the air intake
pipe 36 1s connected to the interior of a head cover 256 via a
path 44. A blow-by gas G (shown by the arrow with a dotted
line 1n FIG. 1) produced in the engine main body 2a 1is
refluxed to the air intake pipe 36 via the path 44. The upstream
side of the throttle valve 37 of the air intake pipe 36 1s
connected to the interior of the head cover 26 via a path 45 via
which fresh air 1s introduced into the head cover 2b. In addi-
tion, an air cleaner 46 1s provided on the upstream side of the
throttle valve 37 of the air intake pipe 36.

(2) A Function of a Diluting Fuel-1n-O1l Treating Appara-
tus
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Hereinaftter, the function of the diluting fuel-1n-o1l treating
apparatus 1 having the above configuration will be described.
In the present embodiment, since the direct fuel-injection
engine 2 1s employed, the fuel that attaches to the inner
peripheral surface of the cylinder 1s mixed into the lubricating
o1l. Therefore, the lubricating o1l in the o1l pan 5 1s easily
diluted. Particularly, when the temperature of the lubricating
o1l 1s low (e.g., equal to or lower than 50° C.), there 1s little
vaporization of the fuel in the lubricating o1l and therefore the
amount of the diluting fuel is relatively large. Meanwhile,
when the temperature of the lubricating o1l 1s lhugh (e.g., 130°
C.), most of the fuel 1n the lubricating o1l 1s vaporized, and
therefore the amount of the diluting fuel 1n the lubricating o1l
1s relatively small.

When the temperature of the lubricating oil 1s low (e.g.,
equal to or lower than 50° C.), and the amount of the diluting
fuel 1s relatively large, the open/close valve 20 opens the
bypass path 9, as shown by the arrow with a solid line 1n FIG.
1, a large portion of the lubricating o1l flowing in the o1l path
7 by the action of the o1l pump 8 1s supplied to each of the
lubricated parts 1n the engine 2. In addition, a portion of the
lubricating o1l flowing in the o1l path 7 flows 1nto the bypass
path 9, and the fuel separator 10 separates the fuel in the
lubricating oil. Atthis time, as shown by the arrow with a solid
line in FIG. 2, the fuel component 1s separated from the
lubricating o1l introduced from the o1l nlet 17 into the first
region 15, by permeation through the ceramic filter 13, and
the lubricating o1l 1s discharged from the o1l discharger 18 to
the outside. Then, the discharged lubricating o1l flows 1n the
bypass path 9 and returns to the o1l path 7. Meanwhile, as
shown by the arrow with a dotted line 1n FIG. 2, the fuel
separated from the lubricating o1l by permeation through the
ceramic filter 13 reaches the second region 16 and 1s dis-
charged from the fuel discharger 19 to the outside of the
separator main body 11. Then, the discharged fuel 1s ntro-
duced into the vapor-liquid separator 23 via the path 22 and 1s
centrifugally separated into the gas component and the liquid
component.

The gas component of the fuel centrifugally separated by
the vapor-liquid separator 23 1s adsorbed 1n the canister 30 via
the path 29 and 1s temporarily collected. Then, the engine
control unit 38 switches the purge solenoid valve 39 at a
proper timing. The gas component of the fuel, which has been
collected by the canister 30, 1s introduced to the air intake pipe
36 via the path 35 opened by the solenoid valve 39 and 1is
burned. In addition, the liquid component of the fuel centrifu-
gally separated by the vapor-liquid separator 23 1s returned to
the fuel tank 33 via the fuel return path 32.

Meanwhile, when the temperature of the lubricating o1l 1s
high (e.g., 130° C.) and the amount of the diluting fuel in the
lubricating o1l 1s relatively small, the open/close valve 20
closes the bypass path 9, and all of the lubricating o1l flowing
in the o1l path 7 by the action of the o1l pump 8 1s supplied to
cach of the lubricated parts in the engine 2. In addition, a large
portion of the fuel component 1n the lubricating o1l 1n the o1l
pan 5 1s vaporized and 1s mixed into the blow-by gas G
produced 1n the engine main body 2a. The mixed gas 1s

refluxed to the air intake pipe 36 via the path 44.
(3) An Effect of the E

Embodiment

In the present embodiment, the open/close valve 20 opens
the bypass path 9 when the temperature of the lubricating o1l
1s low (1.¢., when the pressure of the lubricating o1l 1s high) so
thata portlon of the lubricating o1l flowing in the o1l path 7 by
the action of the o1l pump 8 tlows 1nto the bypass path 9. Then,
the fuel 1n the lubricating o1l 1s separated by the fuel separator
10. Meanwhile, the open/close valve 20 closes the bypass
path 9 when the o1l temperature 1s high (1.e., when the pres-
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sure of the lubricating o1l 1s low) so that all the lubricating o1l
flowing 1n the o1l path 7 by the action of the o1l pump 8 i1s
supplied to each of the lubricated parts 1n the engine 2. As
described above, when the degree of fuel dilution of the
lubricating o1l 1s relatively high at a low temperature, the tuel
1s separated from a relatively small amount of the lubricating
01l branching from the o1l path 7 and flowing in the bypass
path 9. Thereby, the fuel can be separated while suppressing
degradation of the oil. In addition, since reduction of a large

amount of the fuel component to blow-by gas 1s prevented,
more stable control of an air-fuel ratio can be enabled at the air
intake side. Furthermore, since the lubricating o1l does not
separately tlow 1nto the bypass path 9 and flows only 1n the o1l
path 7 when the degree of tuel dilution of the lubricating o1l 1s
relatively law at a high temperature, an o1l pressure necessary
for facilitating the flow of the lubricating o1l can be main-
tained.

In the present embodiment, the fuel separator 10 that 1s a
cross-flow filtration separator and that has the separation
membrane 135 separating by permeation, the fuel from the
lubricating o1l flowing 1n the bypass path 9 1s employed.
Theretore, the lubricating o1l does not have to be heated at a
high temperature, and the fuel can be separated while
securely suppressing degradation of the oil. In addition, since
the cross-tlow filtration prevents accumulation of foreign
objects such as sludge 1n the lubricating o1l on the surface of
the separation membrane 135, the separation efliciency of the
separation membrane 135 can be prevented from deteriorat-
ng.

In the present embodiment, the bypass path 9 has the sec-
ond end side (the outlet end side) thereof connected to the
upstream side of the o1l pump 8 of the o1l path 7 so that, when
the temperature of the lubricating o1l 1s low, the lubricating o1l
flowing 1n the bypass path 9 at a certain speed after the fuel 1s
separated therefrom 1s returned to the upstream side of the o1l
pump 8 of the o1l path 7. Thereby, friction in the engine 2 can
be reduced.

In the present embodiment, the open/close valve 20 1s
provided on the upstream side of the tuel separator 10 of the
bypass path 9. Thereby, the residual o1l 1n the bypass path 9 in
its closed state can be minimized or substantially eliminated,
allowing the amount of the lubricating o1l necessary at a high
temperature to be more easily ensured.

The present invention 1s not limited to the present embodi-
ment and 1ncludes other embodiments with various modifi-
cations within the scope of the present invention according to
the purpose and use thereolf. In other words, although the fuel
separator 10 having the separation membrane 135 that sepa-
rates the fuel from the lubricating by permeation 1s mentioned
as an example in the present embodiment, the present mven-
tion 1s not limited to the same, and, for example, a heater that
heats lubricating o1l for separation by vaporization may be
used as a fuel separator.

Although the open/close valve 20 that opens and closes
based on the pressure of the lubricating o1l 1s mentioned as an
example 1n the present embodiment, the present invention 1s
not limited to the same, and, for example, a thermostat valve
that opens and closes based on the temperature of the lubri-
cating o1l may be employed. In addition, a solenoid valve may
be employed, the solenoid valve being controlled to open and
close based on the detection result of a detection sensor that
detects any combination of one or more of: the temperature,
the pressure, the viscosity, and the tuel dilution of the lubri-
cating o1l, the temperature of the cooling water that cools the
lubricating oi1l, the temperature of the components of the
internal combustion engine, and the like.
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Although the bypass path 9 has the second end side 95 (the
outlet end side) thereof connected to the upstream side of the
o1l pump 8 of the o1l path 7 in the present embodiment, the
present invention 1s not limited to the same, and, as shown 1n
FIG. 8, the second end side 95 (the outlet end side) of the
bypass path 9 may be connected into the o1l pan 5, for
example. In this case, the lubricating o1l 1s returned to the o1l
pan 5 after the fuel was separated therefrom and 1s mixed 1nto
a large amount of the lubricating o1l in the o1l pan 5 from
which the fuel has not yet been separated. Thereby, the lubri-
cating o1l including a relatively large amount of the fuel
component flows 1n the o1l path 7, improving the fuel sepa-
ration efficiency.

Although the centrifugal vapor-liquid separator 23 1s men-
tioned as an example in the present embodiment, the present
invention 1s not limited to the same, and, for example, a
chamber type vapor-liquid separator may be used, that has a
main body including a separation chamber partitioned 1nto a
plurality of spaces by partition walls, and separates the fuel
introduced 1nto the separation chamber of the main body into
the gas component and the liquid component by causing the
tuel to collide with the partition walls and to flow.

Although the canister 30 having a granular activated car-
bon and the like filled therein 1s mentioned as an example of
a fuel collector 1n the present embodiment, the present inven-
tion 1s not limited to the same, and, for example, a canister
configured with an activated carbon honeycomb structure
may be used.

The fuel separator 10 1s mentioned as an example 1n the
present embodiment, the fuel separator 10 having the first
region 15 which 1s the inner side of the ceramic filter 13 and
the second region 16 which i1s the external region of the
ceramic {ilter 13. The present invention 1s not limited to the
same, however, and, as shown 1n FIG. 4 and FIG. 5, a fuel
separator 30 may be used, for example, the fuel separator 50
having a first region 55 which 1s an external region of a
ceramic filter 33 and a second region 56 which 1s an 1nner
region of the ceramic filter 53. In this case, 1t 1s preferable that
a separator main body 51 is provided with an o1l ilet 57 to
introduce lubricating o1l 1n the direction tangential to the
separator main body 51. The reason for this 1s to add a turning,
force to the o1l in the first region 55, and the turn can cause
foreign objects such as metal powder having a large relative
density 1n the o1l to be collected 1n the centrifugal direction of
the separator main body 51. In addition, it 1s preferable that
the separator main body 51 1s provided with an o1l discharger
59 to discharge lubricating o1l 1n the direction tangential to the
separator main body 51. The reason for this 1s to add a stron-
ger turning force to the o1l 1n the first region 55.

Although the fuel separator 10 having one ceramic filter 13
in the separator main body 11 thereof 1s mentioned as an
example 1n the present embodiment, the present invention 1s
not limited to the same, and, as shown FIG. 6, a fuel separator
62 provided with a plurality of ceramic filters 61 (four pieces
in the drawing) 1n a separator main body 60 may be used, for
example.

Although the ceramic filter 13 1n which the separation
membrane 135 having a cylindrical shape 1s supported at the
inner peripheral side of the support body 134 having a cylin-
drical shape 1s mentioned as an example in the present
embodiment, the present invention 1s not limited to the same,
and, as shown 1n FIG. 7, a ceramic filter 67 in which a
separation membrane 66 1s supported in each of plurality of
through holes 635 provided 1n a support body 64 having a
columnar shape may be used, for example.

Although the ceramic filter 13 having a tubular shape par-
titions the interior of the separator main body 11 1nto the first
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region 15 and the second region 16 in the present embodi-
ment, the present invention 1s not limited to the same, and, for
example, a planar separation member may be used to partition
the interior of the separator main body 11 1nto the first region
and the second region that are adjacent to each other 1n the
right and left direction.

The present invention may widely be utilized as a technol-
ogy for separating and treating the diluting fuel 1 the lubri-
cating o1l of an 1internal combustion engine. Particularly, the
present invention may suitably be utilized as a technology for
separating and treating the diluting fuel in the lubricating o1l
of a fuel 1njection engine.

It 1s noted that the foregoing examples have been provided
merely for the purpose of explanation and are in no way to be
construed as limiting of the present invention. While the
present invention has been described with reference to exem-
plary embodiments, 1t 1s understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated
and as amended, without departing from the scope and spirit
of the present invention 1n its aspects. Although the present
invention has been described herein with reference to particu-
lar structures, materials and embodiments, the present mnven-
tion 1s not intended to be limited to the particulars disclosed
herein; rather, the present invention extends to all functionally
equivalent structures, methods and uses, such as are within
the scope of the appended claims.

The present invention 1s not limited to the above described
embodiments, and various variations and modifications may
be possible without departing from the scope of the present
invention.

What 1s claimed 1s:

1. A diluting fuel-in-o1l treating apparatus of an internal
combustion engine, the apparatus comprising:

an o1l container configured to contain lubricating oil of the
internal combustion engine;
an o1l path configured to connect the o1l container to

lubricated parts of the internal combustion engine;
an o1l pump provided in the o1l path and configured to
supply the lubricating o1l from the o1l container to the
lubricated parts of the internal combustion engine;

a bypass path having a first end connected to a downstream
side of the o1l pump and a second end connected to an
upstream side of the o1l pump:;

a fuel separator provided 1n the bypass path and configured
to separate fuel from the lubricating o1l flowing in the
bypass path; and
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an open/close valve provided 1n the bypass path and con-
figured to open and close the bypass path based on one of
a temperature of the lubricating o1l and a physical quan-
tity of the lubricating o1l that has a correlation with the
temperature.

2. The diluting fuel-1n-o1l treating apparatus of the internal
combustion engine according to claim 1, wherein the fuel
separator 1s a cross-tlow filtration fuel separator having a
separation membrane configured to separate the fuel from the
lubricating o1l flowing 1n the bypass path by penetration.

3. The diluting fuel-1n-o1l treating apparatus of the internal
combustion engine according to claim 1, wherein the second
end of the bypass path 1s connected to the o1l container.

4. The diluting fuel-in-o1l treating apparatus of the internal
combustion engine according to claim 2, wherein the cross-
flow filtration fuel separator includes a separator main body
having a generally tubular shape and a separation member
having the separation membrane,

wherein the separation member 1s provided inside the sepa-

rator main body and partitions the interior of the sepa-
rator main body 1nto a first region and a second region;
and

wherein the separator main body includes an o1l ilet con-

figured to mtroduce lubricating o1l 1n the first region, an
o1l discharger configured to discharge the lubricating o1l
from the first region, and a fuel discharger configured to
discharge the fuel from the second region.

5. The diluting fuel-in-o1l treating apparatus of the internal
combustion engine according to claim 4, wherein the separa-
tion member 1s generally tubular and has an axis extending
along a direction of an axis of the separator main body.

6. The diluting fuel-in-o1l treating apparatus of the internal
combustion engine according to claim 5, wherein the o1l ilet
1s configured to mtroduce the lubricating oil 1n a direction
tangential to the separator main body.

7. The diluting fuel-1n-o1l treating apparatus of the internal
combustion engine according to claim 4, wherein the separa-
tion member comprises:

the separation membrane, which has a tubular shape and a

plurality of fuel-component permeable fine pores; and

a support body configured to support the separation mem-

brane and including a plurality of fine pores,

wherein the diameters of the plurality of fine pores of the

support body are larger than the plurality of fuel-com-
ponent permeable fine pores of the separation mem-
brane.
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